The paper analyses the "feedback effect" of Foreign Direct Investment (FDI) on
Introduction
The term "knowledge spillover" refers to the process by which one inventor learns from the research outcomes of others' projects and is able to enhance their own research productivity without fully compensating the other inventors for the value of such learning (Branstetter, 2006) . True knowledge spillovers have the potential to allow for further innovation. In pursuit of such spillovers, it is possible that firms may take investment decisions so as to learn from other firms' research activities. This is especially true for a developing and emerging country undertaking Outward Foreign Direct Investment (OFDI) in R-D intensive developed countries. While the advanced country firms, such as those of Japan and Korea, have set up their own technological profiles and brands over long periods of time, newly emerging nations often tend to leapfrog by acquiring a well-established corporation, or setting up R-D centres in areas of excellence.
The literature identifies two waves of outward investment: the first during the 1960s and 1970s, and the second from 1980 onwards (UNCTAD, 2007) . In the second wave, a diversified pattern of investment was emerging, with an increasing participation of developing nations undertaking OFDI in developed nations. The aim here was to attain strategic assets and markets, acquiring brands, and accessing technologies. Such an OFDI played a mediating role in the "knowledge spillover", that was traditionally unidirectional, taking place from an innovation-driven developed nation investing in a developing country. In other words, outward investment from a less capital intensive developing nation was now acting as a channel for transferring technology. Dunning recognises this second wave of OFDI as resulting from liberalisation of markets, globalisation of economic activity and dramatic technological advancement within sectors; factors that have affected the structure of the world economy. He also postulates that during this period the countries that came out in front were those that had moved along the Investment Development Path (IDP), 1 and experienced rapid economic growth and restructuring (UNCTAD, 2005b) .
In the case of India, for example, the second wave began in the 1990s when enterprises were mostly using Mergers and Acquisitions (M&A) to venture abroad in order to access technology. The lion's share of such investment was in developed countries, dominated by the United States (24%) and the United Kingdom (27%) (UNCTAD, 2007) . Indian companies such as Infosys, Aditya Birla and HCL Technologies invested in the United States. Figure 1 shows the diversity between the first and second phase of India's investment in terms of the geographical distribution.
Overall, during this period, OFDI from emerging economies rose from USD 149 billion in 1990 to USD 1.4 trillion in 2005, accounting for 13% of world OFDI stock in 2005 (UNCTAD, 2007) . More economies became global players, and among the strongest were from Asia. Enterprises from East Asia (China), South-East Asia (Malaysia, Thailand and Singapore), and South Asia (India) were the most active. Following them were the developing regions of Latin America and the Caribbean (Brazil and Argentina). Also, enterprises from the transition economies were engaged in OFDI (Russian Federation). Table 1 highlights the OFDI flows from four major host countries for emerging multinationals, the BRIC. and second (1991 ( -March 2001 
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Source: UNCTAD, 2007. Notes: FDI includes the three following components: equity capital, reinvested earnings and intra-company loans. Data on FDI flows are presented on net bases (capital transactions' credits less debits between direct investors and their foreign affiliates). Net decreases in assets or net increases in liabilities are recorded as credits, while net increases in assets or net decreases in liabilities are recorded as debits. Hence, FDI flows with a negative sign indicate that at least one of the three components of FDI is negative and not offset by positive amounts of the remaining components. This is called reverse investment or disinvestment. Source: UNCTAD Stat.
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First wave (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) First wave (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) 86 14 Second wave (1991 ( -March 2001 40 Second wave (1991 ( -March 2001 A key driver of such outward investment has been the competitive pressure along with a number of home and host country factors, such as home market growth constraints, lower production costs and availability of natural resources in the host nations. But recently during the current wave of internationalisation, building of brand names, accessing most sophisticated and advanced technologies, and acquiring R-D facilities through OFDI have become more notable features amongst the emerging nations.
Moreover, the research-linked investments in the centres of innovation in the developed countries have been an important source of rapid technology diffusion. Good examples here are Lenovo's (China) acquisition of IBM's personal computer division (United States) and Cordlife's (Singapore) acquisition of Cytomatrix (United States) (UNCTAD, 2007) . China has considered the Joint Ventures as an important source of new foreign technology and management skills ever since 1979 when the Law of Joint Ventures was promulgated. In the case of Brazil, Embraer linked up with Aeritalia and Aermacchi of Italy in 1981 to manufacture the sophisticated AMX-fighter bomber (Tolentino, 1993) . This form of investment is a part of the cumulative process through which developing countries' firms gain access to advanced technology, and further combine and localise it with their indigenous technological capabilities.
Accessing foreign technology may also take the form of establishing R-D centres in (Tolentino, 1993) .
Our argument of strategic asset seeking behaviour is an extension to the literature supporting the "learning by exporting" effect (Bernard and Jensen, 1999; Clerides et al., 1998) . OFDI enables firms to not just enter into new markets but also to gain access to foreign technology, and as a result, the entire domestic economy benefits due to increased efficiency of the investing firms and the associated spillovers to the local firms at home (Herzer, 2012) . Thus, OFDI benefits the home country at least in terms of the technology transfers that it generates.
In contrast to a plentiful literature on R-D spillovers, there is only a fragmented body of work on the effects of such technology transfers on the home country. Research here is based on the impact of FDI flows from developed countries into developing ones (North-South FDI). Moreover, previous studies have been restricted to individual firms or industries and have not captured the overall macroeconomic effects on the economy as a whole. In addition, those studies are mostly based on firm level data for manufacturing that excludes the FDI in the service sector.
Against this background, this paper's contribution centres on highlighting not only the technology diffusion effect of OFDI, but also the productivity-enhancing effect on emerging economies at the macroeconomic level. The basic objective is to explore whether OFDI serves as a means of generating knowledge flows that affect the growth of TFP.
Furthermore, the study entails a comparison of whether FDI transfers technology in both directions, i.e. if a country's productivity is increased not only when R-D-intensive countries invest in it, but also when it invests in R-D-intensive foreign countries. In other words, the paper tries to distinguish between the impact of R-D spillovers resulting from North-South and South-North FDI flows.
2
The analysis involves looking at the OFDI flows from 18 emerging economies into 34 OECD countries over the 1990-2010 period and Inward FDI (IFDI) flows into those 18 emerging economies from the OECD nations. We apply the methodology suggested by Van Pottelsberghe de la Potterie and Lichtenberg (2001) . However, unlike their study -which looks at FDI flows between 13 industrialised countries (i.e. North-North FDI only) -our paper contributes more extensively by studying both South-North and North-South FDI flows. We also extend the analysis by including catalytic factors that affect TFP, such as human capital, in order to get better estimates of output elasticity of foreign R-D spillovers.
According to the UNESCO (1993) Statistical Year Book, R-D-expenditures in OECD member countries amounted to 96% of the entire R-D world expenditures in 1990, thus justifying the choice of OECD nations as the investing partners for our analysis.
The paper is structured as follows: Section 2 describes how FDI is linked to technology spillovers. It also discusses the mechanisms that drive the spillovers. Section 3 then provides an overview of the "feedback effect", i.e. the impact on TFP growth. Section 4 highlights the methodology and data, Section 5 outlines the results, and finally, Section 6 concludes the study with policy implications.
Foreign direct investment and R-D spillovers
A vast literature surrounds how firms from developed countries generate technology spillovers for developing country firms. Figure 2 identifies two main channels for such R-D spillovers, both focusing on the trickling down of technology from developed to developing countries. The first channel is based on IFDI into the emerging economies from developed countries' firms. This is called the Traditional Channel. The second channel entails the OFDI flows from the emerging economies into the developed countries. As the figure illustrates, the traditional channel overlooks the possibility that Emerging Market Multinational Enterprises (EMNEs) could also capture spillovers from Developed Country Multinational Enterprises (DMNEs), when the former invest in the developed countries. In other words, learning could also occur in the developed economy as a result of investment from EMNEs that are motivated by the desire to obtain intangible assets, such as technology. However, in both cases, the DMNEs act as the so-called "teacher". This new spillover channel is based on the recent identification of the investing country learning from local firms in the host country and acquiring knowledge spillovers at the host sites. This could be especially true in the case of an outward investment into a host country that is more capital or R&D-intensive than the home country. The technology-sourcing occurs mainly when firms try to gain access to foreign technology by either acquiring foreign firms or establishing R-D facilities in "Foreign Centers of Excellence" (Herzer, 2012) . These firms then acquire new technological know-how and transfer it to the parent company in the home country.
A number of case studies have been carried out, empirically substantiating these knowledge flows, as summarised in Table 2. These studies thus point towards a positive correlation between OFDI and knowledge spillovers, and that the strategic assets acquiring motive could be realised through technology seeking outward investment.
Focusing, in particular, on the OFDI from emerging countries as the channel for R-D spillovers, diverse mechanisms drive such spillovers. One of these is "sharing of the R-D expenditure"; wherein the host and home country firms jointly undertake technological research. The second method is the "feedback mechanism", in which foreign subsidiaries of the MNCs transfer knowledge to their home base. Then there is the "mechanism of reverse technology transfer", i.e. acquiring knowledge through direct investment, particularly effective when firms carry out asset seeking FDI through mergers and acquisitions and joint ventures. As a result, firms obtain advanced technologies and enhance their core competitiveness. Finally, there is a fourth way where parent companies "outsource R-D activities" and relocate them overseas (Zhao and Liu, 2008) . 3. Deng (2007) Showed in the case of China that firms used their asset seeking FDI behaviour to obtain strategic resources that were available in more advanced foreign markets but limited in their own country and to access host countries' centres of innovation.
5. Branstetter (2006) Used "patent citation data" to infer knowledge spillovers at the firm level. The results of the study indicated that with an increase in acquisitions in the United States by Japanese firms, the latter showed a greater tendency to cite US patents as "prior art" in their US patent application. Thus, OFDI was a channel for providing Japanese firms access to foreign technology networks.
6. Pradhan and Abraham (2005) Indicated that one of the main motivations behind Indian firms' overseas acquisitions was to acquire firm specific intangibles such as technological skills. Because the Indian manufacturing sector is more research intensive and has greater absorptive capacity, it allowed them to integrate acquired foreign capital assets.
7. Makino, Lau and Yeh (2002) Observed that firms invest more in capital intensive developed nations than in developing countries in order to fulfil their quest for strategic capabilities. (Pradhan, 2006) .
Given this background about R-D spillovers resulting from FDI, the following section highlights the main objective of our study -the "feedback effect" of such technology spillovers on the growth of domestic productivity of emerging economies.
3. The impact on total factor productivity growth However, the level of productivity in developing countries is still much lower than advanced countries, indicating scope for strengthening and catching up. Looking at the labour productivity growth trend (Figure 3 ), the worldwide long-term trend is towards faster productivity growth with the emerging and developing economies leading the way.
It was during this period that outward investment from developing countries rose, indicating a possibility of a positive effect of OFDI on productivity growth.
One of the sources of interdependence between OFDI and domestic productivity in the long run is the Strategic Asset Seeking motive (Herzer, 2011) . Firms undertake asset seeking investment in order to gain access to the assets that are unavailable in the home country.
Such a type of investment also includes the technology sourcing FDI, which transfers knowledge across borders and it is this transfer of technological know-how, attained by Moreover, it is important to note that OFDI not only affects the productivity of the investing firm but also of the economy as a whole (Blomstrom and Kokko, 1998) . The investing firms could well be a source of advanced technology to local firms, which may benefit by copying or through labour turnover. Also, the benefit could be from the high quality intermediate goods produced by the investing firm that may now be available to the local firms at lower prices. Domestic firms may even take the advantage of economies of scale, as OFDI opens up the opportunity for the investing firm to grow larger than would have been possible with production in just one nation. In addition, it is obvious that the increased competition between the MNCs and the domestic firms would be an impetus for the latter to run more efficiently.
However, there are a few considerations related to the impact of knowledge spillovers resulting from OFDI. First of all, the learning ability of the investing firm matters. If the firms have low technological capacity, as is true for firms in developing countries, it may be difficult to effectively exploit the foreign technology. Furthermore, OFDI could reduce domestic capital accumulation and hence productivity when the investors invest the scarce domestic resources abroad. Finally, it may well be argued that significant spillovers to developing nations take place only if a substantial portion of investment goes to more developed countries, which have a higher technological expertise.
A number of studies provide empirical evidence for the possible impact of OFDI on domestic productivity. Kimura and Kiyota (2006) analysed panel data on Japanese firms for the period 1994-2000, and suggested that OFDI increases productivity. Their key finding was that, on average, firms that invest abroad have 1.8% higher growth than those that do not engage in FDI. Barba and Castellani (2004) considered a sample of Italian firms between 1993 and 1998, and reported a positive causal effect of outward investment on the home country's TFP growth, output and employment. They also compared the multinational firms that invested abroad with the domestic firms, and found that the former outperform.
Herzer (2011) examined the long-run relationship between OFDI and TFP for a sample of 33 developing countries over the period 1980-2005 and found that on average a positive effect is prevalent. However there is considerable heterogeneity explained by the cross-country differences, mainly due to labour market regulations. Bitzer and Gorg (2009) , on the other hand, found an overall negative effect of OFDI on TFP, using panel data for 17 OECD countries over 1973-2001. But there were large country differences, for example, South Korea observed the largest negative effect, though countries such as France, the United Kingdom and the United States witnessed higher factor productivity due to OFDI. Therefore, the impact of OFDI on domestic productivity could be mixed, differing significantly across countries. It may be particularly true that the effect does not necessarily depend on the motive of investment but on a number of other factors such as technological capacity, government policies, and level of financial development. More importantly, human capital stock is a crucial factor. Benefits from international R-D spillovers could be greater when the labour force in developing countries is more educated and skilled, termed as the "absorptive capacity" by Keller (1996) . Also, how well the diffused technology is absorbed and implemented could be reflected in the increase in number of patent applications filed by the residents.
We now attempt to provide evidence of the effect of OFDI from EMNEs into the developed countries on the productivity growth of the home country through R-D spillovers using an empirical model. We also evaluate and compare this effect with that of spillovers resulting from IFDI from resource rich countries into the emerging economies -the traditional channel.
Empirical framework
In this study we assess the impact of FDI on TFP growth through technology flows across borders by employing a generalised version of the methodology suggested by Van Pottelsberghe de la Potterie and Lichtenberg (2001) . 4 Our paper contributes constructively to the literature by focusing on the impact of FDI generated R-D spillovers from developed to developing countries during recent years, i.e. technology transfers through North-South bilateral FDI. We consider panel data for 18 emerging economies over the 1990-2010 period, and investigate the impact of R-D spillovers resulting from FDI flows to and from the 34 OECD member countries as the investing partners (Appendix A and B, respectively, list the 18 emerging and the 34 OECD nations). We also extend the specification by including catalyst terms, such as human capital, as control variables.
Model specification
Equation [ The second one, the foreign R-D capital stock embodied in IFDI to country i from country j, , is computed as:
here, is the IFDI flow into country i from country j in year t, hence is the foreign R-D spillover for each country i, given as the weighted average of R-D intensity of its investing partner j with IFDI flow into country i from country j. Applications filed by Residents" as two catalyst terms included with the purpose of getting better estimates of output elasticities of domestic and foreign R-D capital terms. These two variables are not only important channels of productivity growth, but also capture the level of indigenous capacity of the home country. We therefore include these control variables in order to avoid any bias in the estimation.
[4] where = number of patent applications filed by residents in country i in year t,a n d = human capital, proxied as "Average years of total schooling (age 25+)" in year t.
Thus, the two main hypotheses that would be examined are:
1. Whether the growth of an economy's productivity is affected by foreign R-D efforts when it undertakes OFDI in technologically-advanced countries. This can then be compared with the impact of spillovers generated when R-D-intensive countries invest in it.
2. Whether the inclusion of the economy's indigenous technological capability measured in terms of skilled workforce and level of innovation, the latter reflected by number of patent applications, results in improved estimation of the effect of foreign R-D spillovers.
Data Sources
The data source for OFDI and IFDI flows 6 to and from, respectively, the 34 OECD Before we discuss the results, an important issue must be addressed. As we are looking at the overall macroeconomic picture, it is necessary to show a match-up between the FDI flows into major sectors and the R-D intensity in the respective sectors in order to justify the R-D spillovers approach. This is important to rule out the criticism that FDI could possibly be going into those sectors where there is minimal R-D expenditure, and also to support the rationale behind creating the R-D spillover term and the motivation for developing countries investing to acquire strategic assets. Such accordance is essential, more in the case of OFDI from developing economies into the R-D intensive countries, aimed at attaining technological knowledge, than in the case of IFDI from technology intensive DMNEs. This is so because DMNEs are themselves advanced, and when they invest in emerging economies to enhance their own technological base, they also diffuse knowledge to the local EMNEs in the process.
Therefore, to substantiate this argument, we take the example of OFDI flows from eight major emerging economies under study, and look at the major destination/host countries where they invest. We further classify the investment on the basis of major sectors, and then focus on how much R-D expenditure the host countries undertake in those specific sectors (Table 3) .
Looking, for example, at the case of China ( 
Results
We use a Fixed-Effects (FE) regression 8 to analyse the impact of variables that vary over time. We also estimate the model based on a change specification (1st difference), in order to take into account trend and non-stationarity. Further, to check whether there is a long-run cointegration between the variables under study and that the estimated regression is non-spurious, we carry out Pedroni's (1999) cointegration tests for panel data.
The seven tests, as suggested by Pedroni, are applied to the basic specification in level and in 1st difference. Table 4a present the "within" estimates and the last two columns are the "1st difference" estimates.
Regressions ( Comparing the impact of technology spillovers embodied in OFDI with that of spillovers embodied in IFDI, regression (ii) shows that the magnitude of impact is much larger in the latter case (6.15). This suggests that IFDI from OECD countries into the 18 emerging economies induces more substantial technology transfers compared with OFDI from those 18 emerging economies into OECD countries. One possible explanation for such diversity could be that when MNEs from R-D intensive countries invest in developing countries, the former aim at exploiting their own technological innovations and in this process they diffuse the technological knowledge to the host country firms either through "copying" or "labour turnover". Also, when developed countries undertake offshore production to take advantages of factors such as lower wages in developing countries, the host countries benefit more from externalities emanating from foreign companies.
However, when firms from emerging countries invest in R-D intensive developed countries, their low technological capacity may not allow them to fully exploit the knowledge spillovers, hence resulting in a comparatively lower impact on the growth of TFP. But nonetheless, OFDI from EMNEs has a positive effect, thus supporting the premise that if foreign companies intend to copy domestic knowledge in the host countries, their home country is likely to benefit from potential spillovers (Van Pottelsberghe de la Potterie and Lichtenberg, 2001 ).
Looking at the 1st difference estimates, in equations (iii) and (iv), they broadly confirm the level estimates in terms of the sign of coefficients, though the magnitudes are much lower. Also, the elasticities are now significant only in the case of regression equation (iv) that takes into account the R-D spillovers embodied in IFDI. Almost all the cointegration tests suggest that each of the regression equation is cointegrated in the long run (Table 4b) . Table 5 investigates the time stability of the estimated elasticities. Regressions (i) and (ii) are the same as the within estimates of Table 4a , giving the elasticities for the whole Table 6a , the impact of domestic R-D capital is now significant only in the case of equation (ii). The elasticities of RD fo (2.21) and RD fi (5.58) are positive and significant, though the magnitudes are lower compared with the results obtained in Table 4a . Looking at the coefficients of control variables, the number of patent applications filed by residents does not have a significant impact on growth of TFP 9 .H o w e v e r ,t h e human capital term has a substantial positive and significant effect. The latter result implies that skilled and educated workforce is an essential factor contributing towards improvement in efficiency, and not properly taking into account such factors leads to an upward bias in the output elasticity of foreign R-D capital stock. Again, the cointegration tests suggest the presence of a long-run relationship (Table 6b ).
equations (i) and (ii) in
Further, we carry out an additional analysis to exploit the heterogeneity within the data set. We test whether the impact of FDI embodied spillovers is greater when emerging economies deal with larger investing partner countries than smaller. To do this, we introduce a dummy for the larger industrialised countries (G-7) in our sample of 34 OECD countries in order to investigate the difference in the estimated parameters. The results of this analysis are included as Appendix C.
We also compute two matrices of bilateral elasticities of growth of TFP with respect to foreign R-D capital terms, using the estimated parameters from regressions (i) and (ii) of Note: Estimated TFP growth elasticity in the country column with respect to the R-D capital in the row country, based on regression equation (i) of Table 4a . Note: Estimated TFP growth elasticity in the country column with respect to the R-D capital in the row country, based on regression equation (ii) of Table 4a .
much greater when the developing and emerging economies act as host countries for the IFDI flows than as home countries undertaking OFDI. These country specific figures are consistent with our overall result given in Table 4a , showing a higher impact of RD fi compared with RD fo .
Conclusion and policy implications
An important dimension of the "going-out" strategy is provided by reverse technology spillovers through various mechanisms, one of which is the "strategic asset seeking" motive of OFDI. In this study, we examine the impact of such technology spillovers on the growth of TFP of the home country and, in contrast with some of the previous studies, the paper deals with the overall macro-effect of OFDI. We then compare the effect of spillovers The theoretical framework of this paper therefore has much in common with the Schumpeterian premise that the economic growth of a nation depends upon the creation of new technology or diffusion of technology (Tolentino, 1993 It is often considered that OFDI enhances the interests of multinational corporations only; however the paper brings out opportunities for the economy as a whole by way of factors such as technology and productivity spillovers. With the understanding that OFDI has a positive impact for developing economies, the study encourages a high quality institutional environment to offer favourable conditions for running business, and hence make the business entities strong and competitive for foreign expansion. Given that OFDI constantly adds to the knowledge stock through reverse technology spillovers, and thereby affects productivity, the link between institutions and OFDI could be seen as a channel through which institutions promote productivity growth. In other words, the research suggests the need to devise strategies to develop a common lobby of interests between
MNEs and policymakers in enhancing the positive effects of globalisation for growth and development of the country.
Notes
1. Dunning's IDP model suggests that a country's outward and inward FDI are partly a function of its level of development, and that countries go through different stages as their economy develops.
2. We consider technology transfers from resource rich to emerging economies. A number of reasons could be identified for why we take into account only FDI embodied spillovers, and not import embodied spillovers. First of all, it may be difficult to validate that the emerging economies are importing from advanced countries mainly to acquire strategic assets. Also, emerging economies such as India and China are rising exporters. Therefore by taking into account only FDI, we have concentrated on the increasing levels of outward investment from developing countries mainly aimed at fulfilling their asset-seeking motive. Further, two countries could import homogeneous goods from another country j, and such imports may benefit one country more than another. It may be difficult to ensure that goods sold by country j to country i were embodied by R-D intensity substantially different from the R-D intensity of goods sold to another country (Griliches and Lichtenberg, 1984) . However, the FDI based weighting matrix that we attach embodies different R-D intensity for different i and j (as M&As, Greenfield investment, Joint Ventures are country specific). Also, even if FDI is classified as a technology flow matrix (rent spillover), the hierarchical clustering analysis shown in studies such as Van Pottelsberghe de la Potterie (1997) reflects that it is more likely to catch up knowledge spillovers than the Input-Output (IO) matrices because of a much closer clustering of the former to the technology proximity matrices. Lastly, studies have shown that knowledge spillover matrices yield higher returns than the IO matrix (Goto and Suzuki, 1989; Vuori, 1997; Verspagen, 1997) .
3. TFP growth -measured as the change in GDP growth over the compensation-share weighted growth of combined factor inputs (labour and capital inputs, adjusted for change in their quality).
4. Modified versions of this methodology have also been tested and employed by Coe and Helpman (1995) , Lichtenberg and Van Pottelsberghe de la Potterie (1998) , and Zhu and Jeon (2007) .
5. We use the TFP index values. These values are generated using the growth rates obtained from the Total Economy Database (the Conference Board). We do so to avoid the loss of observations [as ln(X) is undefined for X<0] in using TFP growth rates.
6. Statistical data on FDI flows are more readily available than stocks. It is difficult to construct the stock values due to missing data and heterogeneous methodologies adopted in different countries.
7. Our source of data on Patent Applications is the World Bank Database, defined as -"Patent applications are worldwide patent applications filed through the Patent Cooperation Treaty (PCT) procedure or with a national patent office for exclusive rights for an invention". PCT is an international treaty providing a unified procedure for filing patent applications, and incorporates both priority and second filings. Statistics based on PCT applications are less subject to geographic bias, eliminate any institutional bias, and the timeliness of the indicator is also good. Also as defined, in addition to PCT, the World Bank data also incorporate data from the National Patent Office. But as we are looking at emerging economies the bias of using domestic filings is subsided. This is because the home offices attract the majority of priority filings, as in the case of patents by inventors from developing countries such as Brazil, China, Russia (de Rassenfosse et al., 2013) .
8. We carried out the Hausman test to select between the Fixed and Random Effects Model. The Hausman Test tests the null hypothesis that the coefficients estimated by the Random Effects Estimator are the same as the ones estimated by the Fixed Effects Estimator. If they are (insignificant P-value) then it is safe to use the Random Effects Model. However, if the P-value is significant, then the Fixed Effects Model is used. We obtain a significant P-value for the estimated equation, therefore justifying the use of the Fixed Effects Regression Model for our analysis.
9. A few drawbacks could be identified about the Patent Applications series used in this study. First of all, under PCT applications usually are of higher value, thus filtering out low value patents. As a result, it may put developing economies at a disadvantage. Also, companies (particularly small companies) are less likely to target foreign markets and mainly carry out inventions of local relevance. Overlooking these local patents therefore precludes a full view of the inventive activity of developing countries. This could also be a possible reason for an insignificant coefficient in our result. Further, PCT counts could be highly correlated with other counts such as USPTO, EPO and triadic. Therefore, as suggested by de Rassenfosse et al. (2013) , the worldwide indicator that improves the measurement of inventive activity, especially in the case of emerging economies (because of no geographic bias and no filter on patent value) could be used to improve the estimation. However, as the main aim of this paper is not to focus on a detailed examination of patent counts, we tried to stick to using World Bank data to maintain a consistency for the countries under study.
10. The United States is a large industrialised country, and greater magnitudes of output elasticities of R-D spillovers embodied in OFDI and IFDI flows signify a much higher impact compared with other smaller OECD investing partners. This is consistent with the findings of previous studies (Van Pottelsberghe de la Potterie and Lichtenberg, 2001 ) that suggest a larger effect of FDI induced R-D spillovers for larger economies such as G7 countries.
11. Other than studying a different set of countries, our paper also differs from Van Pottelsberghe de la Potterie and Lichtenberg (2001) in terms of the definition of the key spillover variable. Unlike our study, they use a four year moving average of the flow of FDI. Also, the denominator of their spillover term is gross fixed capital formation of country j, whereas we use GDP of country j. These factors also explain differences in our results. 
